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SUMMARY 


An investigation wes conducted to dotormine the fatigue strength 
of e new type of clianetal sandwich panel structure, designed and 
furnished by Western Engineering fssociates of Los Angeles. This 
structure consisted basically of a new type of exbossed core atiached by 
spot welding to one or more smooth sheets of the same metal, Specimens 
tested were all of the single core, single skin type. Metal used was 
24ST aluminum alloy of 0.032 inch thickness. This construction affords 
high structural rigidity for its weight. Two patterns of the embossed 
core were tested, One of the srecinens had its core embossed with a 
trianguler pattern, the other with a square pattern. 

The specinens were tested by utilisine them as simply supported 
beans, loaded in the center by a sinusoidally varying load of constant 
meximim magnitude, Thia load wes applied by means of loading bara, one 
on the top of the specinen, the other on the bottom, These bars had 
flat, one inch wide surfaces, contacting the specimen, To prevent the sharp 
edges of the bara from causing local failures of the specinens, a lnyer 
of one-eighth inch thick koroseal was used between the bars end the 
Soedien, Specimens tested had a length between end supports of 16.7 
inches, Their width was 9 inches, 

The loading obtained was a combination of bending and sheer. The 
shear stress wos of such « low magnitude, however, that it could be 
nerlected, 


Foilure of the specimens was deemed as ocourring 2% the time the 


first crack appeared, A nethod wes devised for crack detection that con 
sistec of loying down a cond :cting strip over a thin insulating layer in 
e network fashion, covering sll saddle points of the core in the central 
area, since vrevious testing had disclosed the fact that failure 

occurred at these points first, Any crack in one of these saddics 

caused © break in the conducting strip which changed the bias on tho 
controlling electronic tube to a cut off velue, This tube ves part of 
en Eccoles-Jordan Trirrer circuit which with associated tubes allowed 
current flow throuch a thyretron relay circudt opening the starting 
circuit of the testing machine, causing it to ston. 

The data shows that for the epecimnens oriented in a normel 
fashion, that 1s, with one of the sides of the square or triangle of the 
core parallel to the loading ber, which was the situntion for most of 
the tests, the square pattern is vastly suporLor to the trianguler one, 
as rerards fatigue strenrcth. For specimens oriented in this wy the 
square pattern withstood a bending moment of 13.45 inch pourds per inch 
of width; wherees the trianguler pattern withstood only 9.25. Two tests 
conducted with the sauecre core heaving the sides of the squares at an 
ancle of forty-five de:rees to the loading bars gave resulte about midway 

tween. However, the effective EI for this confiruration wes considerably 
reduced, and consequently cctusal failure stress was probably ebout equal 
to that for the case where the sides were parallel to tho locding tar, 

The triangular pattern wos actually mech worse than the curve 
shows. At the higher loads cracks occurred with very few cycles of 
loading, Automatic cut-off feature was not in use for these tests. In 


service it is highly possible that overloads of short duration might 


eause small cracks which would become focal points of Taticue failure, 
thus reducing the fatirue strength well below the cesign point. This 
weekness of tho trianrular pattern arises from tho fi.ct that smooth 
fillets or saddles, joining depressed and elevated portions of the core, 
are harder to obtain in this pattern than in the sauare one, ‘‘rinkles 
emi tool maris were vresent in alnost every one of the trlangulsr 


specimens tested, 
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INPRODUCTION 


Tests were conducted to obtain data concerning the fetirue 
strencth of a special type sandwich construction, composed of one shoct 
ef enbossed alumimm clloy spotewelded to a flint sheet of the sane 
material, Pigure 1 shows the matcrial es tested, Previous static tests 
were conducted in GALCIT Structures Laboratory to determine critical 
column, bonding, shear and other properties of the material, The 
results of these tests are con:iled in Reference 1, 

Patizue tests were made with a constant load type of machine, 
nancly the Universal Fetisue Testing Machine SF=#1-) in the Structures 


Laboratory of GAILCIT. 


EQUIPMENT AND PROCEDURE 


The specimen dimensions were nine inches in width with a span 
between supports of 16.7 inches, Two tynes of sandwich construction 
were tested. One had an embossed core of a square pattern, the other 
had a trioanculer pattern. Only one eto tins of thiclmesses was 
tested. This was one in which both skin and core were of 248T alumimm 
alloy 0,032 inches in thickness, Overell maximm thiclmesses of the 
two specinens were 0,391 inches for the trianmiler and 0.357 inches for 
the square. For appearance of the square pattern ready for the test see 
Figure l, . 

All specinens were prepared for testing in the following manners 
Two thin coats of Radio Service Cement were sprayed onto the too surface 
of the core, Coverage was confined to a path of about one inch width 
leading from near the end of the specimen, down its edge to the center, 
thence across, covering all of the saddle points in the central area, 
returning along the ooposite edges to a point near the end sucport. ext, 
wire terminals were cemented onto the extremities of the cement coverage. 
Paper was utilized to eliminate contact of the wire with the metal, 
Finelly, a contimuous Pilanent of graphite wos painted onto the specimen, 
commencing at one terminal following the insulating censnt, and ending 
at the oprosite terminal, Saddle points were crossed parellel to their 
ricres, The filament width was approximately one-eighth inch, narrowing 
to a fraction of that in the resion of the saddle points, The resistence 


of this circuit averaged approximetely 100,000 ohms, The material used 


3 
for the ¢raphite filament was a product having the trade name Aquadag. 
Appearance of tho square core specimen ready for testing was as shown 
in Figure i. 

The testing machine used was of the constant naximm load tyve. 
Its designation was Universal Fatigue Testing Machine SF-l-J, This 
machine obtained its load by means of an eccentric rotating mass that 
wes constrained from moving in the horizontal direction. Rotation speed 
was constant at 1500 R.P.M., thus specinen was subjected to a sinusoidally 
varying load of constant maxinum magnitude throughout the test. The 
machine was modified by having placed in series with the starting button, 
a two way switch, When this switch was open the machine could not be 
started, In parallel with this switch was a relay, which itself ws 

art of the electronic control circuit. Thus when the relay was closed 
the starting circuit of the teating machine motor wes closed and nachine 
could be started by pressing the starting button, However, when the 
relay opened,the starting circuit was broken end the machine stonped, 
For testing with electronic control, the two way switch was left open 
and sta>ting clreuit completed through the rolay. See Figure 4. 

The lood was ap: licd to the specimens by means of two loading 
bars. One bur, on the bottom of the specimen applied the up load, the 
other on the top of the svecimen applied the down loud, These burs wero 
one inch square steel, twelve and one-fourth inches long. To provent 
local tekling failure of tho specinens from tho sharp edges of the bars, 
koroseal sheet one-eighth inch thick was placed between the bars and the 


scecinen, End supports for the specimens wore one#helf inch dianeter 


4 
steel rods, that were secured te the stationary sart of the testing 
machine, The specimen's end was squeezed batween two of these reds te 
prevent up or down motion, but to allow some motion along its length, 
Details of the loading adapter and testing machine set-up may be viewed 
in Figures 2, 3, and 10. 

The tests were a in the following manner: The svecinen was put 
into the leading adapter and secured, A niece of sheet aluninzn was 
secured to the loading bars in such a manner that 1% ocrojected out 
horizontally about a half inch from the bars and could he utilized for 
measuring amplitude of motion. Filament terminal wires from the specimen 
were connected into the grid circuit of the control tube, With the 
electronic control circuit Bits eed the reset button was pushed, 
causing the thyratron tube to eut off and —s the relay to close, In 
the event the filament was shorted the relay would not close. Load 
setting was then made by chanring the eccentricity of the rotatinre masse, 
The machine was then started by »ressing its starting button and adjusting 
the rheostat control to the full s»veed position. The cycle counter was 
nrevicusly set te the zero vosition, The amplitude of oscillation was 
measured utilizing the aforenentioned vrojection of aluminum sheet. The 
machine was min until such time as the snecimen developed ao crack across 


the filement, at which time shut-down oecurred. 


AA 


RESULTS AND DISCUSSION 


The data obtainec 18 compiled in Tables I and II, and diszlayod 
granhically in Pirures 5, 6, and 7. Failure for this test wos cesipnated 
as the acpeearance of e erack across the filament. Several tests were 
rum in which cracks spneared in saddles not covered with the filarert, 
The results of these tasts were thrown omy, 

In feneral, it was deternined thet the square pattern was vastly 
superior to the trinneular one in fatigue strength, This superiority 1s 
imedintely evident in Figure 5, where curves for the two specimens aro 
slotted, However, when the loading of the scusre pattern wes at an 
enclo o? forty-five deryrees to the sides of the acuares its effective EI 
ver inch of width was redueed and the fatigue strength was correspondingly 
reduced, Only two specimens ware tested in this fashion, The results 
of these tyo tests show thrt with this orientetion the fatigue strength 
of the square cora lies about half-way betwoen thet for nowmal orientation 
ond that for the triansular core, This test leads to the considerution 
that for 2. civen thickness of core end szin there is some optinun size 
of core stanning that cives the most desirable combination of stiffness 
end fatipne strencth, inassmch as EI rer inch is a function of the nunber 
of saddles or size of stannin-,. 

In an attenpt to correlate or comvare results with those obtained 
for a unifora bean, a calculation was made usinpAstandard enrpineering 
formula for the stress due to banding, assuming that the neutral axis of 
the gpecimens tested was at the exact center of the specimen, On this 


basis, fetigue failure of the square piate occurred at a loading rrester 


6 
then 10,000 psi. YFatipue strength of 245T is generally given as in the 
vicinity of 14,000 psi, which would indicate that the square nattern, at 
least, hed relatively food properties as rezards fatirues especially so, 
considering the depth of stanning of the core, 

Figures 6 and 7 ¢ive @ comparison between the deflection as 
measured in the tcosting nachine and that that would be obtained using 
values of EI as outlined in Reference 1 for the same static loed. The 
difference can be attributed to (1) non-untfornity of specinens and (2) 
variation from line load in center. The loading menber was one inch 
wide and had the game width, one-oishth inch thick sheet korosaal 
cenented to the faces contacting the specimen. This width of tnadilg 
menber caused the specimen to be restrained somewhat in the center, 

Difficulty was exosrienced in makings up the snecimens, The 
graphite, which was colloidal in nature, would contect the uetal through 
the porous portions of the cenent insulation. It wes foun? that if a 
resistance meter wes utilizod at the time the graphite ws applied, the 
operation ves simplified, One lead of the «ater was connected to the 
terminal of the filanent from which the paintine was to start. The other 
lead was rrounded to the vlete itself, Thus, when a norous cart of the 
insulation was painted over, deviation from infinite rasistence could be 
immediately noted and filanent detoured around this noint, or the defect 
remedied by spraying another layer of cenent in that area, 

Firures 3 and 9 indicate the effectiveness of the crack detection. 
Figure § showS a crack across a saddle point with the graphite fracture 


ensuing, Ficure 9 showa one of these cracks with the craphite and 


cevent remeved. Many machine stopperes occurred with the crac. ceusing 
the shutedown so fine as to be barely visible at «, magnification of 40 
tines, It ws necessary in ulnost ail cases to utilize a resistance 
neter to determine in which sacdle the creck occurred before the failure 
could ba found, 


One stoppesie occurred when the filanent ecrecked acrose a tool 


ce | 


he filement was repaired, only to have tho specinen cevelop a 


i] 
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ezack 2% this point and again shut down the machine. 


CONCLUSIONS AND RECOMMENDATIONS 


The square vattern was found to be cecidedly superior to the 
triangular one with respect to fatirue strength. The trianguler vattern, 
4? stammed in such a manner that smoothness ovor the fillets or saddles 
could be attained, might have a fatigue strength commensurate to that of 
the ssuare oattern, Pailure of the triangular specimens was argravated 
by tool marks and wrinkling of tho metal in the fillets. Material of 
this type, if placed in service, would be ant to fail with an overload 
condition lesting for a very few cycles. At higher loads, cracks in the 
triangular specimens occurred almost sfirraltaneously with load explication. 
Data for higher leads wes obtained watching a resistence meter and 4, 
shutting the machine down manually when offective resistance of the 
specimens becane approximately double their originel value. In the case 
of the triangular specirions, at high loads, the machine was scarcely 
brought up to speed before the resistance meter beren to show evidence of 
& crack. 

It 4s recommended that the tests be continued on this material to 
determine the optimum pattern size for various thicknesses of sheet. 

This could be done by testing e civen core-skin thicimess conbinetion in 
varying core vattorn size. It wis planned to teat one other pattern 
gize for this investigation, but sinilear thicknesses of s ecimens could 


not be obtained. 


AV PENDIX 
CRACK DSTECTION METHOD 


The develovnent of this method came as a result of the fact that 
the specimens tested would have to erack completely across the core 
before the limit stop circuit of the testing machine would operate, It 
wes felt that plates should be considered failed long before this point 
was reached, In nost cases picces of the core metal were broken off 
vefore linit stops were touched, 

The method of using fine wire cemented down over the critical 
points was considered but discarded es being not too feasible because of 
the contour of the core and the nuaber of critical points to be covered. 
The method of using a graphite filament over an insulating layer anpeared 
to be the easiest method and wes tried, Jsing @ brush to apply the 
insulation was early discarded, inasmuch as brush marks would leave small 
spots where the rraphite could contact the metal. It was found that 
wnen the craphite was applied prior to the tine the coment was completely 
dry a cortain anount of shorting out could be discerned on the resistance 
meter. This was especially true in application of the graphite to the 
paper used to hold the wire to tho terninals., It was found desirehle to 
allow the specimen to dry for about eisht hours alter sprayincs before 
commencing application of the graphite. As wes pointed out, securing 
one lead of the resistance meter to the terminal at which painting of 
the cravhite was to be commenced and the other to the plate itsclf 


elinincted the chance of having a ground in tho filement. The resistance 


10 
mater could be witched during the painting of the filanent. Amy tine 
the graphite was painted over a porous portion of the insilution a 
sizavle deflection of the resistance meter occurred, It wag a sirole 
matter to wipe off the shortedeout portion o° the filanent ‘rith a damp 
saper towsl, This could be done with the graphite wot or dry, It is 
interesting to note that a completed circuit immediately after painting 
would have a resistence in the neighborhood of two million ohms, This 
velue would decreese to aporoximately one hundred thousand ohms unen 
drying. 

The filament could withstand considerable strain, It wos tested 
on an alwiinim tensile svecinen at loads up to 60,000 usd without 
failins, it has a decided strain gare vronerty but aprsars to he some= 
wnet unstable and subject to fairsized resistance changes with changes 
of temperature and humidity. 

The elestronic circuit was designed essecially for these tosts. 
It wos equipped with a power cirecait designed to five a constant voltage 
outout. Use wes mado of an Ecciss Jordan Trigger ciroult in the first 
stare of control, The renainder of the circuit was designed so that 
once the thyratron tube fired the ralay woule remain open until such 
tire as the reset bitton ws pushed, The circuit was foolproof for the 
tests conducted, No false shutdowns occurred, Besides this, the 
circuit would not peimit the relay te close if the specimen to be tested 


had a shorted filament. 
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1, "The Streneth Proverties of a New Type Sandwich Panel," California 
Institute of Technology Final Report on Contract Ne. 
40e.(3)8976, & April 1949. 


TABLE I 


Squere Pattern .032 x .032 245T Sheet 


Overall Max Thickness 0, 357" 


Dimensions 16.7" x 9,0" 


Pounds 


Loeding eat 45° to sides of core 


D Pattern 


EI = 2560 1b,in* 


Ref, 1 


Amplitude of 
Vibration 
Tnches 


OoO0O0O00 0000000 


e 
An 
fd 
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e 6 
ts 13 
WA 


WR 


Cycles 


pattorn 


212,000 
96,000 


10° 
No Feil 
No Fadl 


TABIS IT 


Triangular Pattern .032 x .032 24ST Sheet 
Overall Max Thickness .391" 


Dimensions 16.7" x 9,0 EI 2 2110 and 2490 lb.in,* core up 
core down 


B Pattern Ref, 1 


Loed Amplitude of Cycles 
Pounds Vibration to 
Inches Break 
53 0.47 13,000 
50 = 6,000 
45 0.36 24,000 
42 0.33 33 ,000 
37 0. % 39,900 
LS) 0.255 72,000 
30 0.21 235 OOO 
$ 0.19 161,000 
26 0.18 102 ,000 
eh 0.195 304,000 
22 0.16 131,000 6 
18 0,133 225 X10” No Fail 


Figure 1 


Photograph of Test Specinen with Crack Detecting Filanent 


11GOCO 


i5 


| | \ A 
CS 


Figure 2 


Testing Machine with Blectronic Cut-off Circuit 


Figure 3 


Close-up of Snecimen Being Tested 
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